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In the southeastern United States, pecan scab, caused by the fungus Cladosporium caryigenum (Ell. et Lang) Gottwald (11) , is the most destructive and commercially important disease of the pecan, Carya illinoensis (Wang.) K. Koch (10, 11) . Conditions for fungal infection and disease development depend upon many factors and, as a result, disease intensities and losses vary from year to year (1, 2) . Although scab-resistant cultivars are available and commonly planted, many resistant cultivars still require regular applications of fungicides that are applied on a calendar-based schedule. Minimizing economic losses due to scab could be facilitated by tailoring management practices to cultivars with specific levels of resistance. However, little is known about the influence of host resistance on fungal infection and disease development and, as a result, fungicide applications, as well as many other control practices, are not modified to account for host resistance.
Partial resistance to pecan scab is expressed in many cultivars. It can be manifested as a reduced ability of the pathogen to infect, colonize, or reproduce on the host. Partial resistance is typically quantified by measures such as infection frequency, incubation period, lesion size, and spore production (17, 28) . These measures, typically referred to as components of resistance, have been studied in many pathosystems (7, 13, 16, 18, 21) . Many factors, aside from the genetic element of resistance, affect the expression of resistance components. The largest variations have been observed with fluctuations of temperature, leaf wetness, or both, in the form of high relative humidity or free moisture (3, 22, 29, 30) . Variations also have been observed with differences in leaf age or growth stage of the plant (7, 19, 25) . It is often the case that no one factor alone is responsible for the expression of partial resistance, but it is the cumulative action of heredity, physiology, and the environment that are responsible for variations in field resistance.
Most of the epidemiological research on pecan scab has been done using seedlings of highly susceptible cultivars. In a significant study, Gottwald (12) determined that 48 h of leaf wetness at 25°C were the optimum environmental conditions to screen inoculated seedlings for resistance to pecan scab. However, most new orchards are planted to grafted cultivars, not seedlings. Because the pecan is cross-pollinated, the genetic makeup of seedlings is unknown and variable and, as a result, many traits of a seedling, including the response to pathogen attack, may differ greatly from its parents. In other words, experimental results obtained from seedlings may not accurately reflect the results one would obtain from using true cultivars. However, because of the lack of epidemiological information, Gottwald's results are often used as a benchmark to represent the minimum temperature and leaf wetness conditions necessary for fungal infection of pecan leaves in an orchard environment.
The absence of any quantitative measure of host resistance and the specific environmental conditions required for infection and disease development are lacking for resistant cultivars. Many studies have demonstrated that the response to pathogen attack, as characterized through the components of resistance, can vary tremendously among cultivars with varying levels of resistance (13, 17) . Identifying and quantifying important resistance components aids in the understanding of disease dynamics. This kind of information can be used to target key stages of an epidemic and may allow tailoring of spray programs or disease forecasts to cultivars with different levels of scab resistance. This is particularly important for orchard-grown crops, such as the pecan, that require large quantities and frequent applications of fungicides to control disease.
The objectives of this research were to (i) examine the effects of cultivar resistance, temperature, leaf wetness duration, and leaf age on infection of pecan leaves by C. caryigenum; and (ii) determine the interrelationship among resistance components including infection frequency, incubation period, lesion size, and spore production in two pecan cultivars.
MATERIALS AND METHODS
Cultivar preparation. Pecan trees (2 years old) of the cultivars Wichita and Sumner grafted on seedling rootstocks were purchased from commercial nurseries. Portions of the tap root and scion were cut just prior to planting in 45-cm-diameter plastic containers. The trees were planted in a 1:1:1 (vol/vol/vol) mixture of soil, sand, and pine bark and placed in the greenhouse. The trees were watered as needed and fertilized weekly with a water-soluble fertilizer (20:20:20 , N-P-K). Before each trial, all leaves were removed from the trees to stimulate the production of new foliage and ensure uniformity in leaf age. To encourage budbreak, the temperature was kept at a minimum of 29.5°C (24) . New leaves were tagged as they emerged from the buds. The age of an individual leaf at the time of inoculation was recorded as the number of days between budbreak and inoculation.
Inoculum preparation. Leaves were harvested from 'Wichita' pecan trees at the University of Georgia Horticulture Farm near Watkinsville, GA. Newly formed scab lesions were cut from the leaves with a cork borer and swabbed across a petri dish containing 2% water agar amended with the antibiotics streptomycin, tetracycline, and chloramphenicol, each at a concentration of 50 µg/ml of agar, to inhibit bacterial growth. After 16 to 20 h of incubation at 20 to 24°C, single germinated conidia were transferred to potato dextrose agar (PDA) amended with antibiotics at the same concentration as the water agar. Three conidia were placed on each plate, and the plates were wrapped with Parafilm and placed in an incubator at 24°C. A 12-h photoperiod was maintained in the incubator with two 15-W General Electric cool-white fluorescent light bulbs.
To maximize conidia production, individual 6-to 8-week-old colonies were homogenized in 7.5 ml of autoclaved deionized water with a tissue homogenizer (Tekmar Ultra Turrax; IKA Works, Inc., Wilmington, NC) and dispensed in 750-µl aliquots over 10 oatmeal agar plates. The plates, without Parafilm, were incubated at 24°C for 5 to 10 days. A 0.1% Tween-20 solution (5 ml) was dispensed on each petri dish, and the conidia were liberated into suspension by lightly brushing the surface with a glass rod. The suspension was strained through cheesecloth, and the conidia concentration was adjusted to 100,000 conidia per ml with a hemacytometer.
Inoculation. Using a low-pressure spray bottle, the inoculum suspension was applied to the upper surface of leaves on each tree until runoff. Controls were sprayed with a 0.1% Tween-20 solution. Trees were randomly placed into one of three growth chambers, and continuous leaf wetness was maintained with an overhead misting system. The growth chambers were set at 15, 25, or 35°C and were kept in constant darkness. In the first trial, one tree from each cultivar in each growth chamber was removed after a leaf wetness period of 3, 6, 12, 24, and 36 h. Because no disease developed after 3 or 6 h of leaf wetness in the first trial, trees in the second trial were removed after 6, 12, 24, 36, and 48 h. In the third trial, trees were removed after 24, 36, and 48 h. Fewer treatments were applied in the third trial because several pecan trees failed to develop new foliage after manual defoliation of the pecan leaves after the second trial. Three control plants of each cultivar were removed after the longest leaf wetness period in each trial. The controls served as a check for the inoculation procedure. The trees were transferred to the greenhouse, and disease was allowed to develop.
Assessment of disease and components of resistance. Individual leaves were examined daily for the appearance of lesions. The incubation period was recorded as the time (in days) from inoculation to the appearance of symptoms. The latent period usually is of more direct interest; however, there is often a direct relationship between the latent period and incubation period (17) . The latent period was not recorded because destructive sampling of leaves would be necessary to determine if sporulation occurred on the resistant cultivar Sumner. Disease incidence was assessed 12 to 15 days after the appearance of symptoms. The infection frequency was measured by dividing the number of sporulating lesions per leaf by the area of the leaf. Leaf area, measured in square centimeters, was calculated using an electronic leaf area meter (model LI-3100; Li-Cor, Inc., Lincoln, NE). Mean lesion area was determined by excising 1 to 15 lesions (depending on the number of lesions present) from each diseased leaf, measuring the diameter of each lesion (mm), and averaging their areas. Lesion area was calculated using the formula for the area of a circle.
To measure conidia production, excised lesions were placed in a microcentrifuge tube with 750 µl of a 0.1% Tween-20 solution and mixed with a vortex mixer at high speed for 1 min to dislodge and suspend the conidia. Excised lesions were removed, and the suspension was centrifuged at 4,000 × g for 8 min. The supernatant (600 ml) was decanted, and the spore concentration was determined with a hemacytometer. The total number of conidia was determined and divided by the number of lesions or the average area of the lesions from which the conidia were washed to obtain the mean number of conidia per lesion and the mean number of conidia per square millimeter of lesion (conidia density), respectively.
Experimental design and statistical analysis. Each cultivar × temperature × leaf wetness combination was replicated three times in each of the three trials of the experiment. Treatments were replicated over time because of the limitation of space in the growth chambers. In the first trial, trees were inoculated on 29 May, 2 June, or 7 June 1995; in the second trial, trees were inoculated on 17, 20, or 23 August 1995; and in the third, trial trees were inoculated on 18, 22, or 27 October 1995. In the first and second trials, 108 trees, 54 of each cultivar, were used, and in the third trial, 72 trees, 36 of each cultivar, were used.
Logistic regression was used to model the probability of disease incidence as a function of cultivar, temperature, leaf wetness duration, and leaf age. For a single leaf, Y was defined as a Bernoulli random variable such that Y = 1 when disease was present and Y = 0 when disease was absent. The probability that disease occurs, π = P(Y = 1), was estimated from the data as the proportion of diseased leaves in a particular cultivar × temperature × leaf wetness × leaf age category. The logit of π was defined as logit(π) = ln[π/(1 -π)], in which "ln" represents the natural logarithm function. The parameters in the logistic regression equation logit(π) = Xβ were estimated by maximum likelihood; in which X is a n × p data matrix and β is a p × 1 vector of parameter estimates. Here, the p parameters are estimates of the intercept and the effects of cultivar, temperature, leaf wetness, and leaf age on logit(π). The probability that an individual leaf became infected, given any set of regressors, x i (i.e., any row of X), in which i = 1 to n, can be estimated using ( ) The odds ratio, ψ, provides an interesting and alternative way of interpreting regression coefficients. The odds of disease (in our case) is defined as the ratio of the probability of disease (π) to the probability of no disease, π/(1 -π). When two sets of binary data are to be compared, the odds ratio provides a relative measure of the odds of disease in one set relative to that in the other. The odds ratio is easily obtained from the estimated parameters. For example, consider a case in which a single continuous variable (e.g., temperature) is used as an explanatory variable for the incidence of disease. Let π 1 be the probability that disease occurs at some temperature x, and let π 2 be the probability that disease occurs at the temperature x + 1. The odds ratio is calculated as ( ) This, of course, assumes a linear relationship between the explanatory variable, x, and logit(π). Similar relationships can be easily derived when more than one explanatory variable is used in the model or when the explanatory variable is a factor (5). The interpretation of an odds ratio is simple. An odds ratio greater than 1 indicates an increase in the odds of becoming infected as the independent variable increases; and an odds ratio less than 1 indicates a decrease in the odds of becoming infected as the independent variable increases (15) . Model validity was assessed by visually inspecting plots of the Studentized deviance residuals against the predicted probability of disease incidence. Standard outlier and influence diagnostics were performed. A normal probability plot was used to visually assess the normality assumption (15) of the deviance residuals. Model fit was assessed using the Hosmer and Lemeshow goodness-of-fit test and a logistic regression analogue of the coefficient of determination, R L 2 , of ordinary least squares (OLS) regression.
OLS regression was used to analyze the effect of cultivar, temperature, leaf wetness, and leaf age on the incubation period, infection frequency, lesion size, number of conidia per lesion, and conidia density (i.e., number of conidia per square millimeter of lesion). Each dependent variable, except incubation period, was transformed to stabilize the variance using ln(dependent variable + 1). The mean response of each transformed variable in each cultivar × temperature × leaf wetness duration × leaf age category was calculated. Categories in which no disease developed were excluded from the analysis, since they provide no information about the components of resistance. When analyzing infection frequency, in addi- a Incubation period was measured in days (was not transformed), lesion size = ln(lesion size + 1), conidia per lesion = ln(conidia/no. of lesions + 1), conidia density = ln(conidia/mm 2 of lesion + 1), and infection frequency = ln(no. of infections/cm 2 of leaf) were averaged in each cultivar × temperature × leaf wetness × leaf age category. Healthy leaves were not included in the analysis. b Three independent experiments were performed, each consisting of three replications in each cultivar × temperature × leaf wetness combination. c Achieved significance for regression model. d Cultivars Wichita (susceptible) and Sumner (resistant) were used in all three trials. e Temperature treatment included 15, 25, and 35°C. f Leaf wetness duration treatment varied among the trials. Leaf wetness periods of 0, 3, 6, 12, 24, and 36 h were used in the first trial; 0, 6, 12, 24, 36, and 48 h were used in the second trial; and 0, 24, 36, and 48 h were used in the third trial. g Leaf age was measured in days. h * = significant at P < 0.05; ** = significant at P < 0.01. tion to the previously deleted categories, categories in which lesions never sporulated were also excluded from the analysis. Model validity was assessed using standard residual and outlier analyses. In all regressions (including the logistic), cultivar served as a categorical variable (C = 1 for 'Wichita', C = 0 for 'Sumner').
A correlation analysis was performed to investigate the interrelationship among resistance components. There was no a priori expectation that any pair of resistance components were related in a linear fashion; thus, Kendall's sample rank correlation coefficient (τ) was chosen, because τ is capable of detecting nonlinear relationships (9) . The coefficient can be calculated as τ = 2(K′ -K′′)/ n(n -1), in which K′ is the number of concordant pairs and K′′ is the number of discordant pairs for the n(n -1)/2 possible set of pairs (X i ,Y i ), (X j ,Y j ), in which i < j. Thus, τ can be thought of as an average measure of association between the Xs and Ys where agreement refers to order. All data were analyzed with the statistical package SAS (SAS Institute, Cary, NC).
RESULTS
Symptoms first appeared 12, 16, and 8 days after inoculation on leaves of both 'Wichita' and 'Sumner' in the first, second, and third trials, respectively. Disease developed in all trials of the experiment. However, disease did not develop on either cultivar at 35°C, except for the third trial in which one 'Sumner' leaf exposed to 48 h of leaf wetness developed a few lesions. In the first trial, disease developed on 'Wichita' leaves after a minimum of 12 h of wetness at 25°C and after a minimum of 24 h of wetness at 15°C. On 'Sumner' leaves, disease developed after a minimum of 24 h of wetness at 25°C and after a minimum of 36 h of wetness at 15°C. In the second trial, disease developed on 'Wichita' leaves after a minimum of 36 h of wetness at both 15 and 25°C. On 'Sumner' leaves, disease developed after a minimum of 36 h of wetness at 15°C and after a minimum of 48 h of wetness at 25°C. In the third trial, disease developed on 'Wichita' leaves after a minimum of 24 h of leaf wetness (the shortest leaf wetness period) at both 15 and 25°C. On 'Sumner' leaves, disease developed after a minimum of 24 h at 15°C and after 36 h at 25°C.
Results from logistic regression analysis showed that cultivar, temperature, leaf wetness duration, and leaf age significantly (P < 0.0001) affected the incidence of disease in all three trials (Table 1 ). Residual analysis indicated that the simple model chosen adequately described the relationship between the explanatory variables and logit(π). Although there were some outliers and influential data points in each trial, there was no justification to discard these data from the analysis. These simply represented the natural variability of the system. Within the range of conditions studied, the odds ratio showed that a 1°C increase in temperature decreased the odds of a leaf becoming infected by 5.5, 22.2, and 7.3%; a 1-h increase in leaf wetness duration increased the odds of a leaf becoming infected by 9.6, 22.8, and 5.6%; and a 1-day increase in leaf age decreased the odds of a leaf becoming infected by 19.9, 32.0, and 18.5% in the first, second, and third trials, respectively. 'Wichita' leaves were always more susceptible than 'Sumner' (Table 1) .
Cultivar and leaf age had a significant effect on lesion size, number of conidia per lesion, and conidia density in trials 1 and 3 but not in trial 2 ( Table 2 ). Lesions on 'Wichita' leaves were primarily dark and circular with diameters ranging from ≈0.5 to 3.5 mm, whereas on 'Sumner' leaves, lesions were typically yellow to light brown and circular with diameters ranging from ≈0.5 to 2.0 mm. In trials 2 and 3, lesions on 'Wichita' leaves produced significantly (P < 0.05) more spores per lesion and per unit area of lesion than lesions on 'Sumner' leaves according to two sample t tests (data not shown). In trial 1, the same relationship between lesion size and spore production existed, but at an achieved significance level of P < 0.08 (data not shown). The effects of cultivar and leaf age on infection frequency varied across trials. In all three trials, as leaf age increased, there were significant (P < 0.05) decreases in the infection frequency (Table 2 ). In general, the incubation period was not significantly influenced by host resistance and leaf age. However, 'Sumner' did have a significantly (P < 0.05) longer incubation period in trial 2, and in trial 3, the incubation period was significantly longer on older leaves than on younger leaves ( Table 2 ). The incubation period ranged from 8 to 21 days over the three trials for 'Wichita' and from 8 to 23 days over the three trials for 'Sumner'. Temperature and duration of leaf wetness at inoculation had no effect on the incubation period, infection frequency, lesion size, conidia per lesion, or conidia density in any trial (Table 2) .
In trials 1 and 3, the number of conidia per lesion and conidia density were positively correlated (P < 0.05) with lesion size for 'Wichita' and 'Sumner' (Table 3 , Fig. 1 ). In all three trials, lesion size (except trial 2), conidia per lesion, and conidia density were all positively correlated (P < 0.05) with infection frequency for 'Wichita' (Table 3, Fig. 2 ). Conidia production and lesion size were positively correlated with infection frequency for 'Sumner' only in the first trial (Table 3 ). In general, there were no significant correlations between the incubation period and any other resistance component for either cultivar (Table 3) . Leaf age had a significant effect on the susceptibility of leaves to infection in all trials (Table 1) . Results showed that leaves on 'Wichita' were susceptible to infection when inoculated between 2 and 23 days old, and leaves on 'Sumner' were susceptible to infection when inoculated between 2 and 18 days old (Fig. 3) . There was a large difference in the distribution of leaf ages among trials (Fig. 3) . The mean leaf age was approximately 13, 24, and 11 days in the first, second, and third trials, respectively. In trials 1 and 3, infection frequency, lesion size, conidia per lesion, and conidia density decreased significantly with increasing leaf age for both cultivars (Table 2 ). This effect was greatest on 'Sumner' leaves ( Table 2, Fig. 4) . The response of the resistance components in the second trial was variable.
DISCUSSION
Results from our experiment indicate that host resistance and leaf age were the most influential factors affecting infection of pecan leaves by C. caryigenum under the range of temperature and leaf wetness conditions studied. 'Wichita' leaves were susceptible to infection from 2 to 23 days after budbreak. This is consistent with earlier findings that showed leaves on seedlings of 'Wichita' were susceptible to infection from 5 to 21 days after budbreak (12, 26) . However, the range of ages in which leaves were susceptible to infection was typically much narrower on 'Sumner'. The oldest leaf to become infected was only 18 days old at inoculation. A narrower range of leaf age susceptibility could have significant epidemiological consequences. In a population of plants, a more rapid buildup of resistant leaves would reduce the total number of infections resulting in sporulating lesions and, consequently, reduce the rate of epidemic development. For example, partial resistance to rice blast (Pyricularia oryzea) has been associated with cultivars that produce leaves that mature rapidly (20) .
Disease incidence was noticeably lower in the second trial. In this trial, the average leaf age was approximately twice that of the first and third trials; thus, it is likely that many of the leaves escaped infection simply because they were too old. Disease failed to develop on those leaves exposed to wetness periods of the same duration as leaves in the first and third trials that did develop symptoms. Thus, there is indirect evidence to support that, as leaves age, longer periods of leaf wetness are required for infection. However, measuring leaf age on a calendar schedule may not be the most accurate method of determining the age of a leaf and, hence, the state of susceptibility of the leaf to scab infection. Various growth stages of the pecan such as time of budbreak are strongly influenced by fluctuations in temperature (24) . Thus, physiological age, as measured in degree-days, may be a more appropriate means of quantifying leaf age. In trial 3, leaves of 'Sumner' were susceptible to infection approximately 3 to 5 days longer than leaves in the previous trials (Fig. 3) . Nighttime temperatures in the greenhouse around the time of the third trial were approximately 5 to 7°C cooler compared with the nighttime temperatures around the first and second trials. Thus, it is likely that leaves matured more rapidly in the warmer conditions of the first and second trials than the third and, consequently, became resistant to infection more quickly than leaves in the third trial.
In all three trials, cooler temperatures and longer leaf wetness periods at inoculation favored infection of pecan leaves by C. caryigenum. These results are consistent with previous studies conducted on seedlings of 'Wichita' (12, 26) and were not unexpected, because C. caryigenum has a relatively cool optimum growth temperature of 22 to 25°C (14) . However, the range of temperatures and leaf wetness durations at which infection occurs differs somewhat from earlier findings of Gottwald (12) . In our study, disease did not develop at 35°C (with the exception of one 'Sumner' leaf) or after leaf wetness periods less than 12 h. In Gottwald's study, 'Wichita' seedlings rather than grafted material were used and, after the prescribed wetness period, the seedlings were moved into a temperature-controlled (≈24 to 28°C), high-humidity chamber to allow disease development. The postinoculation conditions in the first and second trials of our study consisted of daily fluctuations of relative humidity between 50 and 98% and temperature fluctuations between 24 and 34°C; in the third trial, daily fluctuations of relative humidity were between 30 and 98% and temperature fluctuations were between 17 and 28°C. Postinoculation conditions have been shown to influence disease development in some pathosystems (25) . Thus, the observed differences in disease development between the two studies may have been due to differential development of the pathogen on seedlings and cultivars or the influence of postinoculation conditions on development of disease.
The choice of inoculation conditions and cultivars undoubtedly influenced the results of our experiment. The experimental conditions were chosen to reflect (i) a broad range of conditions at which C. caryigenum is able to infect susceptible pecan foliage (this information was obtained through preliminary studies [26, 27] in combination with the work of Gottwald [12] ) and (ii) typical environmental conditions encountered in southeastern pecan orchards. It is important to emphasize that the logistic regression model is descriptive only within the range of conditions and cultivars tested (this, of course, is true of all models). However, we believe that, although different combinations of inoculation conditions and cultivars may produce different parameter estimates, the general trends of the effects of host resistance, leaf age, temperature, and leaf wetness will remain unchanged.
Analysis of resistance components showed that the incubation period, number of infections, size of lesions, and degree of sporulation were not significantly influenced by temperature and duration of leaf wetness at inoculation (Table 2) . Although the results presented in Table 2 show a high degree of variability, the resistance components, except for incubation period, were primarily influenced by the level of host resistance and the age of the leaf. Older leaves of both cultivars tended to have fewer infections and smaller, less densely sporulating lesions. It was clear that the magnitude of these effects was greatest on 'Sumner' (i.e., significant cultivar effect). This finding is consistent with an earlier study on pecans in which susceptible seedlings had larger lesions and produced significantly more conidia than seedlings from less susceptible cultivars (27) . Similar trends were found for foliar diseases on resistant cultivars of potato (18) .
Yates et al. (32) found that the frequency of appressoria formation from germinated C. caryigenum conidia did not differ significantly on either immature or mature leaves of the susceptible cultivar Wichita and the resistant cultivar Elliott. However, they found that subcuticular hyphae developed from only 50% of the appressoria on susceptible 'Wichita' leaves versus <2% on susceptible 'Elliott' leaves and that mature leaves from both cultivars were equally able to suppress the development of subcuticular hyphae. Thus, it was not unreasonable to find that infection frequency and incubation period were very similar on the most susceptible leaves of both 'Wichita' and 'Sumner' (e.g., trial 3), because the mechanisms behind resistance in the pecan do not seem to influence conidia germination and appressoria formation (32) . The response of 'Sumner' leaves to pathogen attack was manifested in postpenetration events such as lesion expansion and conidia production, which agrees with the findings of Yates et al. (32) .
On leaves where disease developed, the frequency of infections, lesion size, and spore production were all positively correlated with each other (Table 3 , Figs. 1 and 2) . In most cases, there were significant differences between cultivars; that is, 'Wichita' leaves had more infections and thus larger, more densely sporulating lesions. Careful interpretation of these results needs to be stressed. In the first and second trials, but not the third, significant differences in infection frequency between the two cultivars were observed (Table  2 ). In the third trial, many leaves of both cultivars were considered very susceptible to infection (Fig. 3) . This result suggests that the level of host resistance (i.e., the effect of cultivar) did not influence the frequency of infections when leaves were considered very susceptible on both cultivars. However, in all trials, disease was the result of a single inoculation. This is important, because the compound leaves of pecan age at different rates; leaflets at the distal end of the leaf are younger and, therefore, more susceptible to infection than leaflets at the proximal end. The proximal leaflets of moderately aged leaves can be immune to infection, while the distal leaflets are still very susceptible. This obviously has a great impact on the number of possible infections, because only a portion of the leaflets may be susceptible to infection at the time of inoculation. Thus, the number of infections is bound to be much lower when leaves are inoculated once compared with an orchard in which multiple inoculations occur. Although results demonstrate that differences in infection frequency exist between 'Wichita' and 'Sumner', the range of values for infection frequency obtained in this experiment may not adequately reflect what is possible under field conditions.
It should be noted that differences in the susceptibility to scab infection between cultivars may be due to pathogenic specialization in C. caryigenum. It has been shown that populations of the fungus differ in their ability to infect certain pecan genotypes (6, 8) . However, scab lesions observed on 'Sumner' trees inoculated in the greenhouse were similar to those found on 'Sumner' in the orchard. The similarity in lesion characteristics between artificially inoculated and naturally inoculated leaves of 'Sumner' is one indication that the isolates used throughout the study were similar in aggressiveness to isolates found in commercial orchards.
Our study demonstrated that the susceptible and partially resistant cultivars required similar temperature and wetness conditions for infection, but appearance and characteristics of lesions were notably different on the two cultivars. Interestingly, the most susceptible leaves of both cultivars seemed to be equally susceptible to infection by the pathogen. However, 'Sumner' leaves became resistant to infection more quickly than 'Wichita' leaves, which remained susceptible for at least 1 week longer than 'Sumner' leaves. After infection, the pathogen was able to easily colonize and sporulate on 'Wichita' leaves, whereas on 'Sumner' leaves, pathogen colonization was hindered, which resulted in smaller, less densely sporulating lesions.
The appearance of symptoms on resistant cultivars can be misleading. The atypical yellow to light-brown scab lesions that are often found on more resistant pecan cultivars (26, 31) are often regarded as unimportant or may not be recognized as pecan scab because low levels of disease incidence may cause little, if any, damage. We have shown that on 'Sumner', a cultivar considered to be very resistant to scab, C. caryigenum is able to sporulate, albeit at low levels, and thus reproduce on a resistant host. Therefore, over many years of selection for scab isolates that can infect and reproduce on the resistant cultivar, levels of inoculum may build up to a point at which disease becomes limiting to production. Eventually, this may result in the loss of a productive cultivar, as has been shown with many cultivars in the past that were considered resistant or immune to scab when first introduced (4, 23) .
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